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STEERING THE LEP PROJECT 

J.8. Adams 

Introduction 

We are now coming to the end of the LEP Summer Study. The phys
ics case for a very high energy e +e _ colliding beam machine has been 
argued in depth, and a design for a lar¿e electron positron colliding beam 
machine has been presented and discussed in detail. Yesterday and this 
morning we have heard summaries of the work done at Les Houches. No doubt, 
it will take several months to assimilate all that has been said and done, 
but I am sure that one question is already present in all our minds -
where do we go from here? 

The organizers of the LEP Summer Study clearly foresaw this 
question when they arranged the programme and scheduled a talk this after
noon entitled "Steering the LEP Project". Unfortunately, in picking the 
speaker for this talk they overlooked that the Summer Study ran at the 
same time as the meetings of the Scientific Policy Committee, the Finance 
Committee and a very important Programme Meeting of the CERN Council. As 
a result, I have not been able to attend the Summer Study at Les Houches 
and my contribution this afternoon may consequently suffer from a lack of 
input from your discussions. Nevertheless, even sitting in these meetings 
in Geneva, the message came through loud and clear from Les Houches "We 
want LEP", so on the assumption that we all want it I will discuss this 
afternoon how we might set about getting it and the questions which I 
believe we have to answer in order to get it. 

LEP Studies to Date 

But before I get to my list of questions, I think I should remind 
you of what has happened so far in steering the LEP project. Studies of 
a large electron positron colliding beam machine were started at CERN 
early in 1976. The first machine was aimed to give a maximum luminosity 
of 10"^ cni~2 s e c

- l at an energy per beam of 100 GeV and a report was pub
lished on these studies in August 1977. A first draft of this report was 
discussed at a study week at DESY early in 1977 together with another 
report on the research that could be carried out with very high energy 
e +e - colliding beams which was published in 1976. I would like at this 
point to pay tribute to ECFA, and particularly to Guy von Dardel, its 
past Chairman, who, faithful to the traditions of ECFA, really pushed LEP 
in the early days and overcame all manner of obstacles to get it accepted. 



- 273 -

From the machine point of view the studies of the 100 GeV LEP 
ran into a number of technical problems to which solutions could not be 
found at that time. This led to a second study of a smaller machine for 
which it was believed solutions to these problems could be found. 

The result of this second study, which was started about a year 
ago, has just been published in the Blue Book and has now been thoroughly 
discussed at Les Houches. As far as I can gather from the summary talks 
here at CERN, the machine design has stood up rather well to a searching 
examination during the LEP Summer Study which confirms my own impression 
that the Blue Book machine is a very good basis on which to design the 
final LEP machine. 

The machine studies which have been carried out during the last 
year have been organized at two levels. The people actively engaged in 
the different aspects of the machine design have formed the LEP S:udy 
Group, led by Drs. Keil, Schnell and Zilverschoon, and the experimental 
utilization aspects have been supervised by Drs. Darriulat, Picasso and 
Gabathuler. 

Many accelerator physicists from the National Laboratories in 
Europe and elsewhere have taken part in these studies and the design you 
have been discussing owes much to their contributions. The DESY experts 
have, of course, been very busy this last year getting PETRA finished and 
operating but now that PETRA has started up so well we sincerely hope 
that they will be free to join in the studies and add to them their valu
able experience and ideas. 

These studies have been supervised by the LEP Steering Committee 
whose members include representatives of the European National Laboratories 
expert in electron machines, DESY, FRASCATI, ORSAY and DARESBURY, and rep
resentatives of CERN. The aim of the LEP Steering Group has so far been 
limited to reaching a practical design for a LEP machine, but now we must 
raise our sights and steer the LEP project towards a final design and an 
agreement to build it. This brings me to the list of questions which I 
believe we will have to answer in order to reach this goal. 

What I intend to do is not to answer these questions but to 
discuss them and I will start with the question of the energy of LEP. 

1. Energy of LEP 

As I have already said, the energy of the LEP machine which 
has just been discussed at Les Houches was chosen simply to 
arrive at a practical machine design which could be con
structed and would with reasonable confidence operate in 
accordance with its performance specification. At a first 
stage of construction it would give a peak luminosity of 
1032 cm~2 sec-'- at 70 GeV per beam and it could be extended 
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at a second stage with superconducting cavities to reach 
about 100 GeV with a luminosity of about one third of the 
peak value. 

If I understand correctly from the summary talks such a 
LEP machine could cover quite a large range of physics 
but there are some experiments which demand rather higher 
energies and, as far as I can see, a larger machine than 
this could now be designed from the technical point of 
view. ECFA has set up a series of Working Groups to look 
into this question and will be making recommendations 
early next year. It seems to me, however, that the limi
tation on the energy of LEP may come more from the 
financial point of view rather than the technical one and 
this I will discuss later. If this is so then we may have 
to accept a LEP that can do 90% of the physics which is now 
foreseen rather than 100%. This problem is eased by the 
idea of building LEP in stages since approval to build it 
could then concentrate on the first stage of construction 
leaving the possibility open to increase its energy later 
on when more money might be available and perhaps other 
sources of funding. 

The same could be said about polarized beams in LEP which 
also could be left to a later stage. If indeed the limi
tation on LEP energies does turn out to be financial, as 
I suspect, then in order to get into this field of physics 
as soon as possible we should concentrate on a basic 
machine which has built into it from the start the possi
bilities for development later on. For example, if the 
final energy with superconducting cavities is to be some
what higher than 100 GeV then at least the magnet system 
should be capable of reaching that energy by simple 
additions and without fundamental changes. 

2. Diameter of LEP 

The present LEP design seems to have a diameter about 
10 to 15% smaller than the cost-optimized diameter for 
70 GeV energy at peak luminosity. If this was corrected 
its diameter would be about 8 km instead of 7 km. But 
some people have suggested that LEP should have a diameter 
bigger than its cost-optimized value. If we are really 
short of money for the basic LEP then we should have a very 
good reason indeed to build an oversize LEP which will 
clearly cost more and I think this point should be clari
fied as soon as possible. 
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3. Site of LEI* 

ECFA asked us to examine whether I-EF could be built next 
to or very near to CERN and the preliminary work that has 
been done indicates that this is indeed possible from the 
technical point of view, at least for LEP 7 km in diameter 
and possible for a bigger machine. Clearly it could also 
be built elsewhere. 

It must be obvious to everyone that the site of LEP will 
be a question which will raise the keenest interest of 
Governments. Some of you will remember that the site for 
the SPS machine held up that project for many years. 
Indeed, we can perhaps learn a little from that experience 
since getting approval for the SPS took longer than its 
construction time and we certainly want to avoid that for 
LEP. There were in fact three problems which blocked the 
SPS project when it was planned to build it remote from 
CERN: 

(i) it cost too much for the Member States; 

(ii) there was no agreed way for choosing the site; 

(iii) appearing later, there was the problem of 
financing two separate laboratories of CERN 
each with its own staff and infrastructure. 

As you know, the solution finally found to these problems 
was to build it next to CERN which halved the cost and 
left us with one laboratory today instead of two. 

In the case of LEP it seems that no great financial 
saving can be envisaged by building it next to CERN, 
at least during construction, but afterwards, of course, 
we would still have one laboratory to operate if it were 
built at CERN, whereas if it were built elsewhere the 
Member States would have to finance the operation of two 
laboratories each with its own infrastructure. There may well 
be other reasons for building LEP next to CERN such as 
having electrons and protons in close proximity or having 
a big tunnel next to the existing machines for some future 
machine. Whatever the arguments they should be clarified 
and their importance measured, because I am sure it would 
help if in the next twelve months the scientific community 
could come to a clear view on where to build LEP. After 
that, of course, Governments will have their own views but 
if the scientists do not come up with a clear proposal where 
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to build LEP, supported by strong reasons, then Governments 
can hardly be blamed for taking a long time to reach a deci
sion. 

4. Government Questions 

It is clear that the LEP project will raise other questions 
than the site in the minds of the Governments of the CERN 
Member States. Although it is always difficult to predict 
what aspects of a project make it more or less acceptable to 
Governmental authorities, it is safe to assume that the cost 
of the project is a very important factor. These authorities 
have to maintain a reasonable balance between the financial 
support for nuclear particle physics in their own countries 
and their support of CERN; and between the financial support 
for nuclear particle physics and for all the other sciences 
both at the national and international levels. It is impor
tant to realize that because they are concerned with 
balances these authorities are particularly conscious about 
shifts in the relative allocations of resources with time. 
We are now witnessing in many of the Member States of CERN 
a shift of resources away from nuclear particle physics 
towards other sciences and from fundamental research to 
applied research. Unless, for some reason, this trend 
reverses, it seems unlikely that nuclear particle physics 
research is going to be allocated more money in the fore
seeable future. Since the balance between the support for 
this research in the national and university laboratories 
of the CERN Member States and internationally at CERN is 
already a source of worry in most of the Member States it 
seems unlikely that CERN budgets will be increased in the 
future in order to build LEP. In these circumstances, a 
financial limitation emerges which could strongly influence 
the acceptability of LEP from the point of view of the 
Member States of CERN and that is that LEP does not imply 
any increase in the international expenditure on nuclear 
particle physics for these States. 

We have tried to work out what this means for LEP. Clearly, 
if no more money is made available internationally in Europe 
to build LEP, its cost will have to be found by closing down 
some of the existing programmes at CERN. This will also 
release the staff to build it. We have worked out that if 
the ISR and SC programmes are closed down at the start of 
LEP construction, and if an adequate SPS programme is 
continued together with an intermediate-energy programme 
using the PS machine, then up to 150 MSF per year might be 
made available to contruct LEP. If LEP costs 1000 MSF to 
build, it would take about seven years to complete which is 
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perhaps acceptable to its future users. If, on the other 
hand, LEP costs 2000 MSF and consequently takes fourteen 
years to build, I imagine this would be completely unaccept
able to everyone. This line of reasoning suggests, 
therefore, that a LEP project costing more than 1000 MSF 
may be unacceptable both to the CERN Member States and 
also, for time scale reasons, to its future users. Another 
consequence is that LEP cannot be started according to this 
scenario until the ISR and SC machines can be closed down, 
which some people, particularly their users, do not foresee 
before the early 1980's. Adding seven years' construction 
time to this one arrives at a completion date for LEP in 
the second half of the 1980's. 

There is also another question in the minds of the Member 
States. Not unreasonably, several Member States are sur
prised, not to say astonished, that a new large accelerator 
is being proposed for Europe so soon after the last one, 
the SPS, has been brought into operation. In fact, the SPS 
construction programme will only be formally wound up by the 
CERN Council in February next year, and already the next big 
project is being pressed. Furthermore, PETRA is only just 
coming into operation and there are those who argue that surely 
one should *ait until that machine gives results which may take 
another year or so. The accelerator builders themselves in 
their prudent way, would also like to see how well the PETRA and 
PEP machines perform since so much of the LEP design is based 
on these machines. On the other hand, it can be pointed out 
that, even in the scenario I have just sketched, LEP will not 
be ready for use until the second half of the 1980's, about ten 
or twelve years after the SPS came into operation, but I am not 
sure that the authorities in our Member States find that pros
pect too unbearable. 

Finally, these authorities, just like us, look around at 
what is happening in the rest of the world since here 
again they think in terms of balances. In this respect, 
it seems to me, we have a good case since the three main 
regions of the world which actively pursue nuclear par
ticle physics are building complementary machines rather 
than similar ones. The Americans are going ahead with a 
400 GeV proton-proton colliding beam machine, and the 
Russians are planning to build a 3 TeV fixed-target proton 
machine. A LEP machine would be complementary to these 
two machines. The planned completion dates for these 
three machines are also towards the end of the 1980's and 
therefore comparable with the LEP completion date in the 
scenario I have just mentioned, and this is another point 
that the CERN Member States will consider. 
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5. Questions of CERN users 

This now brings me to some questions which I am sure will 
be raised by the community of physicists who at present 
use the facilities of CERN. If indeed the ISR and SC have 
to he closed down in order to build LEP then the experi
mental facilities now available to this community will 
obviously be less at least during the years of LEP 
construction. At the present time there are about 1500 
CERN users, 900 of which use the SPS machine. I do not 
know how many of them are keen supporters of LEP or how 
many will want to use it when it is built but I can see 
a serious problem for all of them during the years of 
LEP construction when CERN can only offer the SPS and PS 
machines and even afterwards when LEP is operational. 

I know that ECFA is very conscious of this problem and 
is presently studying it seriously, taking into account 
that there are other experimental facilities available 
in Europe than those at CERN. I believe that this ques
tion of the CERN users is indeed a serious one since LEP 
needs the support of the whole community of European 
high-energy physicists as well as the enthusiam of the 
future LEP users. 

6. Time Scales for LEP 

The kind of scenario I have just been discussing which 
is finance limited leads to an approximate time scale 
for the LEP Programme which I have tried to summarize in 
Transparency 1. 

All transitions between the stages of the LEP project 
should be regarded as having tolerances of ± 6 months 
or maybe more since they are based only on scenario-type 
arguments, and not on any hard facts, and still less on 
any decisions. All the dates shown and their correla
tions with LEP are those I have just mentioned and I 
have also added the planned completion date for the SPS 
pp facility whose construction, according to this scenario, 
will be completed before LEP construction starts. 

Future LEP Studies 

From these time scales for LEP one sees that there are two or 
three years available from now to the start of construction of LEP and 
they should be used in the most effective way possible to bring the pro
ject to the stage where construction work can start with the minimum 
delay. 
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Clearly, as I have said, it will help if answers can be given as 
soon as possible to the first three of my questions - the energy, the dia
meter and the site of LEP. However, we do not need to wait till then to 
start the next phase of LEP studies. For a year we can work on the general 
design of LEP, looking into the problems raised at this Summer Study and 
working on the components of LEP since if the size of LEP is not too far 
different from the present one the components will not change too much 
with diameter. However, within about a year's time we should be working 
on the actual components of the final LEP machine if we want to be able 
to issue specifications to industry immediately project approval is given. 

I have emphasized component studies because unfortunately no 
fundamentally new ideas ha\i yet come forward which will dramatically 
reduce the cost of LEP machines. LEP is an extrapolation of PEP and 
PETRA designs just as they in their turn were extrapolations oZ SPEAR. 

In these circumstances, it is only by detailed engineering 
design work that one can hope to reduce the LEP capital costs. Each com
ponent must be studied individually to find cheaper designs and cheaper 
ways of making it, and the whole design of the machine must be subject to 
regular examinations in order to find cheaper overall solutions. This 
means building models and prototypes and squeezing every component until 
one is sure that a minimum cost solution has been reached. Clearly, one 
starts with the most expensive components simply because the potential 
cost reductions are the biggest for these components if they can be 
achieved. 

Let me remind you of the distribution of the capital costs of 
the LEP machine (Transparency 2). 

The capital costs of LEP machines increase roughly with the 
square of their energy per beam. The 100 GeV LEP machine was estimated 
to cost about 2000 MSF. The 70 GeV LEP machine is estimated to cost about 
1000 MSF. PETRA and PEP are said to cost about 100 MSF. Since the machine 
radius also increases with the square of the energy, the cost of the LEP 
machines is just proportional to their circumference. We must therefore 
find ways of reducing the cost per metre of LEP well below those of the 
PEP and PETRA machines. 

The second problem I believe we should tackle in the next phase 
of LEP studies is the very high power consumption of the machine. It is 
difficult at this time to predict the attitude of our Governments and our 
societies towards large consumers of electrical energy in the 1990's, but 
it is safe to assume that they will not be very popular. The LEP machine 
you have been discussing would consume about 200 MW of electrical energy 
and most of it goes into producing waste heat. Let me remind you again 
of the allocations of energy to the different components of LEP 
(Transparency 3). 
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Clearly, the next phase of LEP studies must also concentrate on 
reducing the RF power consumption. We must find more efficient ways of 
producing RF power and methodh of reducing the cavity losses. At a second 
stage superconducting cavities will help considerably in this respect as 
well as increasing the top energy of LEP. And, since even if we are 
successful LEP will still be a big consumer of electrical energy, we must 
learn from other big power users ways of using the waste heat more intelli
gently than just heating up the air above the site and the local rivers. 

This new phase of LEP studies will cost much more money than the 
paper studies which have been carried out so far, and while you have been 
discussing physics and machine designs at Les Houches some of us have been 
discussing with our authorities how this extra money can be found to carry 
or r"e studies in the next two or three years - I hope with some success. 

P-efore leaving this question of LEP studies I would like to 
return to a remark I made at the beginning. I believe that this next 
phase of studies should be carried out, more than the last, as a collabora
tion between the European National Laboratories and CERN. There is no 
reason why all this work should be done at CERN. Part could just as well, 
if not better, be carried out at the National Laboratories using their 
own staff and staff should be exchanged between the laboratories so that 
the work is done in the most appropriate place, and in the most economic 
way. 

Conclusion 

This brings me to the end of this talk. I have discussed a num
ber of questions which I believe are relevant to steering the LEP project 
in the next two or three years. I have, so to speak, taken you round the 
course to show you the fences which have to be jumped to win the race. 
When I asked my colleagues what I was supposed to say in this talk they 
said it did not matter so much what I said but for goodness' sake try to 
be cheerful. Well, I hope my remarks have not damped your enthusiasm 
for the race because 1 can assure you that all the fences have been 
jumped before and they can be jumped again. If you want LEP enough I am 
sure you will get it in the end. But as we saw with the SPS project 
back in 1969 and 1970 it takes the concerted efforts of the whole 
European physicist community, which includes research physicists, 
machine builders, ECFA, the National Laboratories and CERN, to get 
approval for such big projects. Each has a vital rôle to play in this 
affair and LEP will only be built if everyone works together. 
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CAPITAL INVESTMENTS IN LEP 

Main Ring MSF Z 

1. RF system 197.9 19.1 * 
2. Magnet system 152.0 14.7 * 
3. Power supplies 51.4 5.0 
4. Vacuum system 91.0 8.8 * 
5. Controls and instrumentation 42.1 4.1 
6. Power distribution 49.9 4.8 
7. Cooling and ventilation 74.9 7.2 
8. Survey 8.8 0.8 
9. Site and buildings 277.4 26.7 * 

Injector 

Synchrotron version 91-3 8.8 * 

Total capital cost of LEP 1036.7 100.0 

Transparency 2 
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LEP POWER CONSUMPTION 

DISTRIBUTION OF ELECTRICAL POWER TO SYSTEMS 

RF SYSTEM 137.0 MW 
MAGNET SYSTEM 20.0 MW 
EXPERIMENTAL AREAS 27.0 MW 
COOLING SYSTEM 16.0 MW 
MISCELLANEOUS 3.3 MW 
INJECTOR 2.5 MW 
TOTAL ELECTRICAL INPUT POWER 205.8 MW 

BREAKDOWN OF RF SYSTEM POWER REQUIREMENTS 

SYNCHROTRON RADIATION LOSS 20 MW 
PARASITIC MODE LOSS 3 MW 
CAVITY AND WAVEQUIDE LOSS 55 MW 
TOTAL RF GENERATOR POWER 78 MW 

KLYSTRON EFFICIENCY 0.65 
POWER SUPPLY EFFICIENCY 0.92 
POWER DISTRIBUTION EFFICIENCY 0.96 

TOTAL 0.57 

ELECTRICAL POWER REQUIREMENTS 137 MW 

Transparency 3 


